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Abstract: Life in desert ecosystems drives animals to adapt their surface locomotor activity according 
to environmental conditions. In this study, the hourly and monthly variations in the surface activity 
patterns of the terrestrial crustacean Hemilepistus reaumurii were investigated. The surface activity of 
H. reaumurii at the population scale was observed by collecting the hourly active individuals from the 
sunrise to the sunset of the studied day in each month of 2013 in the Bchachma locality, Tunisia. The 
collected active individuals were put in perspex boxes (on which we labeled the hourly time interval in 
which the individuals were collected) in the field and then transported to the laboratory for analysis. 
Individuals were counted, sexed and measured in the laboratory. Despite desert conditions in the 
studied site, H. reaumurii was characterized by a diurnal surface activity, showing a bimodal pattern 
during the warm months (i.e., May to October). However, it exhibited a unimodal surface activity 
pattern in the cold months (ie., February, March and November). The surface activity was 
significantly correlated with sunrise and sunset. Moreover, a significant quadratic effect of 
temperature on the surface activity of H. reaumurii was observed. Furthermore, the study showed that 
the most important surface activity was recorded in March. The daily exploitation of the temporal 
niches was significantly different as a function of months. The body size of males were larger than 
that of females, and the body size of active individuals would change with months. All these 
behavioural changes in the surface activity represent an adaptive strategy of life in the arid 
environment. 
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1 Introduction 


The extreme climatic conditions in hot deserts require special adaptations of the inhabitants, 
especially arthropods (Cloudsley-Thompson, 2001), to tolerate environmental conditions. In 
tenebrionid beetles, the size, convexity, the presence or absence of a suture on the elytra, 
colouring and resistance to desiccation and high temperatures represent some of many adaptations 


“Corresponding author: Anas AYARI (E-mail: ayari.anas88 @ gmail.com) 

Received 2017-06-29; revised 2018-01-05; accepted 2018-02-03 

© Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Science Press and Springer-Verlag GmbH Germany, 
part of Springer Nature 2018 


http://jal.xjegi.com; www.springer.com/40333 


JOURNAL OF ARID LAND 


that are found in these species (Parmenter et al., 1989). Adaptation also occurs at the behavioural 
level (Linsenmair, 2007). Many tenebrionid beetles change their activity and zonation to adapt 
climatic conditions, on a seasonal and daily basis (Chelazzi and Colombini, 1989; 
Cloudsley-Thompson, 1990). 

Locomotor activity patterns of desert animals may be affected by many abiotic factors (e.g., 
climatic conditions, habitat structure and quality). The most important strategy of desert animals 
consists of living in burrows where the air humidity is high and the temperature is moderate 
(Cloudsley-Thompson, 2001). They limit their aboveground (surface) activity at specific periods 
of the year and/or at specific periods of the day. 

Overall, arthropods are able to avoid the very high temperature and therefore escape the heat by 
staying in burrows and may have nocturnal activity (Bohli et al., 2006; Bohli-Abderrazak et al., 
2012; Jelassi et al., 2013; Ayari et al., 2015, 2017). In fact, temperature appears to be an important 
determinant of temporal activity patterns for arthropods. Unlike terrestrial isopods, the burrowing 
isopod Hemilepistus reaumurii (Crustacea), which is commonly distributed in the arid regions of 
North Africa, Middle East and Central Asia, exhibits a daily activity pattern (Nasri-Ammar and 
Morgan, 2005; Nasri-Ammar et al., 2016; Ayari et al., 2017). To avoid extreme heat and dryness, 
H. reaumurii individuals must spend most of the time with their brood in a self-dug burrow. 

Despite the importance of locomotor behaviour as a survival strategy of this species, very few 
studies have been interested in this aspect. Thus, our study aims to explore the response of H. 
reaumurii population to severe arid climatic conditions (e.g., high temperature and dryness). 
More specifically, we examine how this isopod species adapts its surface activity to a specific 
period of a day to survive in the arid environments. 

We suppose that H. reaumurii would reduce its surface locomotor activity during the warmest 
months while increase its daily period of surface activity during the months with suitable 
temperatures. Our second hypothesis supposes that the temporal niche for males and females of H. 
reaumurii is different. More precisely, males would be more active during the dispersal period 
whereas females would be more active during the period following the reproduction. Furthermore, 
males and females would restrict their locomotor activity to specific periods of the day to avoid 
critical temperatures. Our third hypothesis supposes that the body size of active H. reaumurii 
individuals would change with months. 


2 Materials and methods 


2.1 Study site 


This study was conducted in the Bchachma locality (35°49'N, 10°10'E; 23 m a.s.l.) situated near 
Kairouan, Tunisia. The study site is situated in the marginal area of a salt lake covered by small 
dunes, called hillocks (Fig. 1). It is characterized by an arid climate. Temperatures are usually 
mild in winter months (6°C—17°C) and high in summer months (25°C—42°C). The average annual 
precipitation is about 26 mm (ranging from 6.7 to 49.2 mm) and the driest months are July and 
August. Vegetation in the study area is dominated by halophile plants, such as Halocnemum 
strobilaceum and Suaeda mollis (Ayari et al., 2016a, b, 2017). 


2.2 Experimental design and sampling 


Field investigations were carried out throughout the year 2013. For each visit, a plot of 20 mx20 
m was randomly set and then it was subdivided into four equal quadrat of 10 mx10 m. Indeed, for 
each month, a plot was placed at a distance of +2 m from the plot of the previous month (Fig. 2). 

Specimens of H. reaumurii were collected manually every hour when they emerged from their 
burrows or during their surface activity from the sunrise to the sunset. One day in each month 
during 2013 was selected to conduct the visiting and sampling (a total of 12 visiting and sampling 
days). To optimize the measurement of hourly activity of this species, four investigators 
participated in the visiting and sampling (1 investigator per quadrat (10 mx10 m)). They were 
present in the site 1—2 h before the sunrise and left the field 2—3 h after the sunset (when the 
surface activity is completely canceled). 
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Fig. 1 Topography and geomorphology of the study site 
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Fig. 2 Schematic diagram showing the experimental protocol adopted in this study. It should be noted that one 
plot was set in each month, with a total of 12 plots. 


2.3 Laboratory analysis and calculation of surface activity 


H. reaumurii individuals collected during each hour were put in perspex boxes, on which we 
labeled the hourly time interval in which the individuals were collected. Then, the boxes were 
transported to the laboratory. In the laboratory, the collected active individuals were sexed and 
measured using a Leica MSS stereo-microscope with a micrometer (Leica Microsystems, Wetzlar, 
Germany). The monthly measurement of the locomotor activity intensity was based on the 
number of active individuals during each time interval on the studied days. 

The photophase corresponds to the strictly enlightened period from the sunrise to the sunset. 
We calculated the percentage of the photophase exploitation by counting the hours of surface 
activity which occurred strictly during the enlightened period. Specifically, we firstly calculated 
the photophase duration during the enlightened period from the sunrise to the sunset on each 
studied day (expressed as Tp), and converted the unit of h to the unit of min. For example, on 21 
May 2013, the photophase duration during the enlightened period from the sunrise to the sunset 
was 14 h 20 min (19:27—-05:07 (LST)), corresponding to 860 min (Table 1). Then, we counted the 
hours that individuals of H. reaumurii were active during the enlightened period from the sunrise 
to the sunset on the studied day (expressed as Ta), and also converted the unit of h to the unit of 
min. Then, the percentage of the photophase exploitation was calculated as: (Tp/Ta)x100%. 


JOURNAL OF ARID LAND 


The Kairouan hourly temperatures of each studied day were taken from the website of 
http://french.wunderground.com/, and the daily mean temperatures are shown in Table 1. 


Table 1 Photophase duration and daily mean temperature on the studied days in 2013 
30 Jan 25 Feb 25 Mar 24Apr 21 May 28Jun 27 Jul 31 Aug 30Sep 31 Oct 20 Nov 31 Dec 


Sunrise time (LST) 07:22 07:01 06:16 05:34 05:07 05:02 05:21 05:48 06:14 06:42 07:00 07:29 
Sunset time (LST) 17:44 18:07 18:37 19:03 19:27 19:27 19:32 18:51 18:06 17:25 17:10 17:16 


a 622 666 741 809 860 865 851 783 788 643 610 585 


Mean temperature 12.5 13.3 17.8 17.1 22.9 25.7 32.9 25.5 27.9 20.4 17.1 13.2 
(°C) (42.5) (42.4) (42.9) (40.8) (3.8) (44.6) (6.4) (42.5) (43.7) (43.0) (44.2) (+2.9) 


Note: Values in the brackets are the standard deviations. It should be noted that the photophase duration was calculated as the sunset 
time minus the sunrise time, and the unit of h was converted to the unit of min. 


2.4 Statistical analysis 


We used the general linear model (GLM) to test whether the number of active individuals (males 
and females) presented an hourly variation and/or a monthly variation. GLM was also used to test 
the effect of temperature on the surface activity of H. reaumurii individuals. Moreover, we 
applied the y? test to compare the different percentages of photophase exploitation and to test the 
effect of temperature on the surface activity of H. reaumurii individuals. 

The one way ANOVA was performed to model the monthly variation in the body size of active 
H. reaumurii individual. Statistical analyses were performed with R 3.4.2 for Windows, SPSS 
21.0 and SigmaPlot 11.0. 


3 Results 


3.1 Effect of temperature on the surface activity 


As shown in Figure 3, temperature exhibited a significant quadratic effect (Z=25.19, P<0.000) on 
the number of active H. reaumurii individuals. The number of active individuals increased when 
the temperature ranged between 13°C and 29°C. However, it decreased when the temperature fell 
to 10°C or rose to 40°C. 


3005 ‘+ 

| 
Ez] | . 
E 
© | 
> } 
3 2004 
4 k F: 
2 1 
3 $ m ° 
S p * 
a t . 
Q 100 Š è r 
8o | ; 
a | .* + 

| 

04 
10 15 20 25 30 35 40 
Temperature (°C) 


Fig.3 Effect of temperature on the surface activity of Hemilepistus reaumurii individuals 


3.2 Monthly and hourly variations of the surface activity 


Generally, a significant monthly variation of active H. reaumurii individuals was observed 
(Z=90.45, P<0.000; Fig. 4a). Indeed, H. reaumurii individuals were mostly active in March 
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(Z=15.17, P<0.001) and October (Z=5.86, P<0.001). Specifically, males were mostly active in 
March (Z=13.07, P<0.001), September (Z=3.87, P=0.000) and October (Z=4.89, P=0.000), while 
females were mostly active in March (Z=8.09, P=0.000) and June (Z=5.72, P=0.000). 

Our results showed a significant hourly variation in the surface activity of active H. reaumurii 
individuals (Z=23.86, P<0.001; Fig. 4b). Both males and females were statistically active during 
06:00-07:00 (Z=20.20, P<0.0001), 07:00-08:00 (Z=23.08, P<0.0001), 14:00-15:00 (Z=10.75, 
P<0.001), 15:00-16:00 (Z=10.17, P<0.001), 18:00-19:00 (Z=9.37, P<0.001) and 19:00-20:00 
(Z=17.11, P<0.0001). 
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Fig. 4 Monthly (a) and hourly (b) variations in the number of active H. reaumurii individuals 


3.3 Plasticity of the surface activity 
In this study, a highly significant monthly variation in the photophase exploitation of the surface 
activity of active H. reaumurii individuals was highlighted (y7=16.87, P<0.0001). In fact, the 


photophase was well exploited in March, April and November and poorly exploited during June 
and July (Table 2). 


Table2 Monthly variation in the activity pattern of H. reaumurii individuals 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Percentage of 


photophase = 54.0 81.0 815 490 41.6 423 54.0 46.0 52.0 69.0 - 
exploitation 
(%) 
; : Pairs formation and ‘ 
Life cycle Quiescence Emergence Growth Quiescence 


reproduction 
Note: —, no data. 


Results showed that the surface activity pattern of H. reaumurii individuals varied considerably 
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over the year (Fig. 5). Surface activity was observed in 10 months, i.e., from February to 
November. H. reaumurii individuals were inactive in January and December. Furthermore, the 
majority of the surface activity peak occurred during the daytime (diurnal behaviour). A seasonal 
shift in the surface activity pattern was also observed, ranging from a unimodal pattern (February 
and November) to a clear bimodal one (from May to October), passing through an intermediate 
pattern (March and April; Fig. 5). 

Specifically, during February and November, the surface activity profiles of active H. 
reaumurii individuals showed a unimodal pattern with one peak occurring in the middle of the 
day. From May to October, results showed a shift of surface activity in the afternoon. That is, a 
bimodal activity pattern occurring around the light-dark transition (sunrise and sunset) was 
observed during these months (Fig. 5). This sensitivity to dawn and dusk was statistically 
significant (Z=16.96, P<0.0001). 

Comparisons of surface activity between sexes revealed that males were significantly more 
active than females during March, September and November (Table 3). Furthermore, the most 
important surface activity was observed in females during February, May, June and October. 
Result showed also that males were more active than females during the time intervals 
12:00-13:00 (Z=3.21, P=0.000) and 17:00-18:00 (Z=3.07, P=0.000). 


Table 3 Statistical characteristics of the active H. reaumurii individuals at the monthly scale 


Number Percentage (%) Size (mm) 
Month Khi-2 test ANOVA test 
Male Female Male Female Male Female 
Jan - - - - - - — - 
Feb 50 112 31 69 P=0.0001 21.941.5 21.4+1.3 P=0.018 
Mar 755 556 57 43 P=0.0001 20.0+1.5 19.1+1.3 P<0.0001 
Apr 71 56 56 44 me 19.7+1.5 18.8+1.3 P<0.0001 
May 41 60 40 60 P=0.008 19.1+1.5 18.941.5 NS 
Jun 216 476 31 69 P<0.0001 13.043.3 11.943.6 P<0.0001 
Jul 314 314 50 50 aS 15.8+1.9 14.4+2.0 P<0.0001 
Aug 625 590 51 49 aS 20.2+2.1 19.5+2.0 P<0.0001 
Sep 419 368 54 46 P=0.010 21.7+1.4 20.6+1.4 P<0.0001 
Oct 406 450 49 51 P=0.033 22.5+1.4 21.7+41.4 P<0.0001 
Nov 141 112 55 45 P<0.0001 22.441.5 21.6+1.5 P<0.0001 
Dec - - - - - - - - 


Note: ^S, not significant; —, no data. Mean+SD. 


3.4 Monthly variation in the body size of active H. reaumurii individuals 


The body size of active H. reaumurii individuals varied significantly between months (H=3675.68, 
P<0.001). It decreased from February to June, and increased from July, reaching to the maximal in 
October and November (Table 3; Fig. 6). The body size of active H. reaumurii individuals also 
varied significantly between sexes. Active males had a larger body size than active females during 
almost all the activity months (February to November) except for May (Table 3). During this 
month (May), no difference in body size between active males and females was observed. 


4 Discussion 


4.1 Effect of temperature on the surface activity 


Temperature seems to be a strong determinant of temporal activity patterns (e.g., dispersion, 
reproduction, foraging, etc.) of H. reaumurii individuals. The quadratic effect of temperature on 
the number of active H. reaumurii individuals revealed that no surface activity was observed 
below 10°C and over 40°C. Temperatures of 10°C and 40°C could be regarded as the minimum 
and maximum of ambient temperatures that H. reaumurii individuals tolerate for their surface 
activity, respectively. Eduard and Linsenmair (1971) showed that individuals of H. reaumurii died 
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Fig. 5 Plasticity of the surface activity of the active H. reaumurii individuals. "N" means the total number of 
active individuals in each month. H. reaumurii individuals were inactive in January and December. 


JOURNAL OF ARID LAND 


30 


N 
un 


4 a ¢ 


N 
o 


Pb gg 


a 
-} 


S 


Body size of active individuals (mm) 


5 
Feb Mar Apr May Jun Jul Aug Sep Oct Nov 


Month 


Fig. 6 Monthly variation in the body size of active H. reaumurii individuals from February to November. The 
"whiskers" above and below the box display the locations of the maximum and minimum values, respectively. 


within 15-30 min when they were exposed to a temperature of 50°C—60°C. Like several diurnal 
ants (Cros et al., 1997; Pol and de Casenave, 2004; Jayatilaka et al., 2011), H. reaumurii exhibited 
a wide flexibility of activity pattern by adjusting the length of the active period, almost 
completely restricted in daytime, especially in the specific time of the day to avoid critical 
temperatures (low and high temperatures) according to season. This can explain that during 
December and January, in which temperature fell below a certain threshold (6°C—17°C and 
7°C-18°C, respectively), individuals of H. reaumurii completely stop their surface activity to 
avoid desiccation and remain into their burrows. The start of quiescence observed during these 
two months would be considered as an adaptation to avoid the cold winter temperatures. 
Furthermore, the highest number of active H. reaumurii individuals over the year was 
concentrated at temperatures of 13°C—29°C, which suggests that these temperature values 
represent the optimal limits of air temperature for the surface activity of H. reaumurii individuals. 
Our findings are in agreement with those of Nasri et al. (1996), who demonstrated experimentally 
that individuals of H. reaumurii exposed to a long photoperiod (15-h light/9-h dark) could stop 
their growth and reproduction at 15°C. The present results of the photophase exploitation over the 
year may confirm the effect of temperature on the surface activity of H. reaumurii individuals. 
Our results show that photophase is more exploited in March, April and November than in the 
other months. During these three months (March, April and November), the recorded 
temperatures ranged between 15°C and 23°C, which represent the favourable temperatures for the 
maximum exploitation of photophase. Furthermore, the photophase is less exploited during June 
and July in which the recorded temperatures were the highest. Thus, our first hypothesis that H. 
reaumurii would reduce its surface locomotor activity during the warmest months while increase 
its daily period of surface activity during the months with suitable temperatures is verified. 


4.2 Monthly and hourly variations of the surface activity 


Monthly variation in the surface activity of H. reaumurii individuals between sexes revealed that 
both males and females were more active in March. In fact, March represented the dispersal 
period (Shachak and Yair, 1984; Nasri et al., 1996; Ayari et al., 2016b), during which males and 
females leave their families and disperse in order to find a new burrow and a partner. This crucial 
period of life cycle could explain the high intensity of surface activity during this month. In June 
(the specific month for the activity of females, coinciding with the end of the reproductive period), 
we noticed a larger number of females on the surface compared to males, probably because 
females had to compensate for metabolism losses during reproduction by increasing their foraging 
activity. During this period, most of the males remained in their burrows and took care of their 
offspring (Shachak, 1980; Linsenmair, 1984; Baker, 2005). Males were specifically more active in 
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September and October than the other months. These two months (September and October) 
corresponded to the last phase of the juvenile growth period which precedes the quiescence. 
During this period, H. reaumurii individuals try to accumulate the maximum of nutritive matter to 
pass winter in a quiescence state. 

In this study, hourly variation analysis on the surface activity of H. reaumurii individuals 
revealed that both males and females were more active during 06:00—08:00 and 19:00-20:00, 
coinciding with sunrise and sunset, respectively. The anticipation and delaying relative to sunrise 
and sunset allowed H. reaumurii individuals to maintain a minimum of 6-h activity during the 
high temperature months that could reach up to 45°C in the middle of the day. Under this high 
temperature, H. reaumurii individuals were forced to be active after the sunset and before the 
sunrise, exposing them to their main predator, Scorpio maurus, which exhibits a nocturnal surface 
activity (Dubinsky et al., 1979). The restriction of surface activity around sunrise and sunset 
during hot months was observed in the dune beetle Erodius sauditus (Robinson and Clayton, 2001) 
and in the Sahara scorpion Androctonus australis when the daily temperature differences on the 
sand surface might exceed 60°C (Fleissner and Fleissner, 1998). 

The onset of the surface activity of H. reaumurii seemed to be triggered by sunrise. Ashoff 
(1986) highlighted that for day-active animals, the beginning of surface activity was phased with 
the dawn. According to Fleissner and Fleissner (2002), various organisms may recognize a certain 
moment during dawn and follow this signal as an individually defined set point throughout 
changing seasonal conditions. Cloudsley-Thompson (1991) indicated that the decision to be 
active or not results from various cues available to the organisms after they are aroused by their 
circadian clock. Unlike other various desert arthropods (Cloudsley-Thompson, 1991; Alpato et al., 
1994), the locomotor behaviour of H. reaumurii under controlled environmental conditions 
received little attention (Nasri-Ammar and Morgan, 2005; Ayari et al., 2017). Nasri-Ammar and 
Morgan (2005) and Ayari et al. (2017) studied the locomotor rhythm of pairs of H. reaumurii in 
the laboratory, and showed that this species exhibited a diurnal locomotor activity with two 
activity peaks, which occurred respectively around sunrise and sunset. They also demonstrated 
that the locomotor rhythm of H. reaumurii was controlled by an endogenous circadian clock with 
period approximately closing to 24 h. Similar to other desert species such as the tenebrionid 
beetles Trigonoscelis gigas (Alpato et al., 1994; Alpatov et al., 1999; Zotov and Alpatov, 2004) 
and other insect species (Lewis et al., 1991), the circadian clock of H. reaumurii probably 
involved two oscillators. Exactly, one oscillator is synchronized with sunrise and the other one is 
synchronized with sunset. The crepuscular locomotor activity rhythm of H. reaumurii clearly had 
an adaptive value in restricting its surface activity to coincide with optimal environmental 
conditions of light, temperature and relative humidity (Nasri-Ammar and Morgan, 2005). 

Our results also revealed a seasonal shift in the activity pattern, from a unimodal pattern to a 
bimodal pattern. Natal dispersion, for considerable distances (Ayari et al., 2016b), started in 
mid-February with only one low activity peak (unimodal pattern). In March and April, H. 
reaumurii had a 10-11 h of surface activity with several types, including foraging, searching, 
digging, maintaining and defending burrows, monogamous pair formation, etc. During these 
months (March and April), surface activity of H. reaumurii individuals began at 07:00 and 
continued at 19:00. From May to October, two activity peaks were revealed (bimodal pattern) and 
surface activity was shifted towards sunset and sunrise. 


4.3 Monthly variation in the body size of active H. reaumurii individuals 


The monthly variation in the body size of active individuals could be explained by the 
decortication of the life cycle of H. reaumurii at the study site. The dispersal phase started at the 
end of February and was followed by the pair formation period occurring from the end of March 
until April. The reproduction period that began in May was characterized by the presence of the 
reproductive females. These females realized only one brood per life cycle (Ayari et al., 2016b). 
Therefore, a lot of energy was spent during March—May which may explain the gradual decrease 
of the body size of active H. reaumurii individuals. In June and July, a difference in body size 
between adults and juveniles was clearly observed (Ayari, unpublished data). During these two 
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months, the body length of the majority of active H. reaumurii individuals did not exceed 15 mm. 
Adults did not exploit the temporal niches differently from juveniles and they just limited their 
surface activity during this period. Kennedy et al. (2000) studied the locomotor activity of the 
amphipod Orchestia tuberculata, and proved the existence of a significant negative influence on 
the survival of juveniles in the presence of adults by intraspecific predation. For the talitrid 
Orchestia gammarellus, Ayari et al. (2015) mentioned the most important activity and stability of 
the locomotor rhythm for juveniles. The two months of June and July could be considered as the 
active period of the offspring for H. reaumurii. From August to November, the body size of 
juveniles increased whereas a high percentage of mortality of adults was noted (Ayari et al., 
2016b). To sum up, our third hypothesis that the body size of active individuals would change 
with months is verified. 

The body sizes of males were larger than that of females. The difference in body size 
highlighted in the present study would suggest the development of a sexual size dimorphism 
(SSD). This result is contradictory with the finding of Vandel (1949), who mentioned that there is 
no sexual dimorphism of size and color in H. reaumurii. The natural selection of large-size males 
could be an explanation of our result. In fact, SSD resulted from sexually antagonistic selection 
favouring different optimal body sizes for both genders. The evolution of independent size optima 
is constrained by genetic correlations between sexes, as well as the physiological, developmental 
and phylogenetic constraints (Blanckenhorn, 2007; Fairbairn, 2007). Smith and Brockmann (2014) 
pointed out that mate competition between males can contribute to the evolution of males with 
larger body size. 


5 Conclusions 


The present study found that temperature has a quadratic effect on the number of active H. 
reaumurii individuals. Indeed, individuals of H. reaumurii completely stopped their surface 
activity during the coldest months and limited their surface activity to periods with suitable 
temperatures during the warmest months. Individuals of this species increased their daily period 
of surface activity during months with mild temperature. During the warmest months, H. 
reaumurii shifted its activity time around sunrise and sunset to avoid the extreme heat which 
occurred in the middle of the day. This flexibility of the surface activity could represent an 
adaptive strategy adopted by this species to survive in arid environments. 

To better understand the surface locomotor behaviour of H. reaumurii individuals as an 
adaptive strategy to survive in arid environments, it would be interesting to study the seasonal 
variation of the surface locomotor activity in the laboratory. A comparison between results 
obtained in the laboratory and in the filed would be also interesting. Furthermore, it would be 
interesting to compare the surface locomotor activity between adults and juveniles of the same 
species in the filed and in the laboratory. 
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